Abstract
Introduction

41
Packing DNA into chromatin involves wrapping 147 bp of DNA around a histone octamer to form a 42 nucleosome and nucleosomes are assembled into higher-order structures. Chromatin makes genomic
43
DNA less accessible to protein factors important for transcription, replication, repair and recombination.
44
Chromatin structure is dynamic due to remodeling factors, some of which are ATP-dependent that 
167
The digoxigenin-labeled end was bound to a functionalized glass surface coated with anti-digoxigenin.
169
Our magnetic tweezers setup was similar to the one described by Strick et al (36, 37 
225
IT in buffer containing 10 mM MOPS pH 8, 1 mM EDTA, 5% glycerol, 0.1% NP40 and 0.5 mM PMSF. The 226 control nucleosomes were incubated with Fe-BABE alone. Excess Fe-BABE and 2-IT were removed using 227 a Sephadex G-50 spin column, and conjugation of Fe-BABE to the nucleosomal histones was analyzed by
228
Western blot analysis using anti-chelate CHA225 antibody (41, 42).
11 230
Mapping of FeBABE mediated cleavage of Snf2 was performed as described previously (9). The cleavage 
287
1A compare lanes 2-3 or lanes 5-6). The addition of Gal4-VP16 did not significantly alter the contacts of 
297
Another approach was used to find if the interactions of SWI/SNF with the histone octamer face are 298 perturbed when the SnAC domain is absent. Unique cysteines were engineered into four locations on 299 the histone octamer surface ( Fig. 2A) and were designed to not perturb nucleosome structure/stability, 300 their ability to be remodeled, and were previously used for site-directed histone photocrosslinking (10).
14
The SnAC domain was found to be required for stable binding of Snf2 to the histone portion of 302 nucleosomes in the absence of ATP as there was a 2 -3 fold reduction in Snf2 cross-linking at all four
303
positions when the SnAC domain was removed (Fig. 2B-E) . The interactions of the Snf5 and Swp82
304
subunits of SWI/SNF were also reduced upon deletion of the SnAC domain (Fig. 2D & 2E with WT SWI/SNF and corresponds to a position pointing in towards the histone octamer (Fig. 3A-C) .
328
Peptide 
341
inside at bp -38 and others on the exposed surface of nucleosomal DNA at bp 0 and +42 ( Fig. 3B and 3C ).
342
These data suggest that the binding of Snf2 to nucleosome DNA in the nucleosome is broadened in the 343 absence of the SnAC domain and potentially has greater flexibility to scan additional proximal DNA sites.
344
Given that ΔSnAC SWI/SNF retains contact with nucleosomal DNA, it should be able to hydrolyze ATP spike was identified and the magnitude determined, the rate of translocation or velocity was fit using 395 straight lines as shown in Figure 5C . We found that at 0.3pN, the average loop size on DNA is 580 ± 20 bp for WT and 550 ± 70 for ∆SnAC ( Fig. 5D and Table 1 ). The force dependence of DNA shortening for 397 both WT and ∆SnAC SWI/SNF are very similar as shown in Figure 5D . At 0.3 pN, we found the rate of 398 translocation is 600 ± 100 bp/s for WT and 500 ± 100 for ∆SnAC (Fig. 5E and 
412
shortening of the end-to-end distances, but no shortening was observed with ∆SnAC SWI/SNF (Fig. 5F ).
413
In 
433
placing the nucleosome 49 bp off the other edge of DNA (Fig. 6B) . ∆SnAC SWI/SNF did not significantly 434 move DNA inside nucleosomes from its original position and there doesn't appear to be any significant 435 movement of nucleosomal DNA ~15 bp away from where the ATPase domain is likely bound (Fig. 6C) .
436
Even limited movement of nucleosomal DNA is not observed without the SnAC domain of SWI/SNF.
437
Given that Snf2 is still bound to nucleosomal DNA, hydrolyzes ATP, and can equally well translocate 438 along DNA without the SnAC domain; it is very significant that nonetheless it is unable to move DNA 
473
The SnAC domain is a histone anchor required to create sufficient force to mobilize nucleosomes
474
SWI/SNF requires a stable anchor to create a sufficient pulling force to move nucleosomes when the
475
ATPase is bound at SHL2. The strong uncoupling of ATP hydrolysis and DNA translocation from 476 nucleosome movement when the SnAC domain is removed is characteristic of a crucial histone anchor.
477
The SnAC domain satisfies several of the criteria expected for a histone anchor of SWI/SNF. First and 
495
Our model for the SnAC domain is that it binds to the histone octamer and provides an anchor for the
496
ATPase domain (Fig. 7) 
